Abstract. Previous studies demonstrated that mirna-1 (mir-1) is downregulated in certain human cancer and serves a crucial role in the progression of cancer. However, there are only a few previous studies examining the association between mir-1 and lung squamous cell carcinoma (luSc) and the regulatory mechanism of mir-1 in luSc remains unclear. Therefore, the present study investigated the clinical significance and determined the potential molecular mechanism of mir-1 in luSc. The expression of mir-1 and its clinical significance in LUSC was examined by conducting a meta-analysis of 12 studies using Stata 14, MetadiSc1.4 and SPSS version 23. in addition, Gene ontology and Kyoto encyclopedia of Genes and Genomes pathway enrichment analyses were performed using the potential target genes of mir-1 gathered from Gene expression omnibus and arrayexpress. Meta-analysis demonstrated that mir-1 was significantly downregulated in luSc [standardized mean difference: -1.44; 95% confidence interval (CI): -2.08, -0.81], and the area under the curve was 0.9096 (Q*=0.8416) with sensitivity of 0.71 (95% CI: 0.66, 0.76) and specificity of 0.88 (95% ci: 0.86, 0.90). The pooled positive likelihood ratio and negative likelihood ratio were 4.93 (95% ci: 2.54, 9.55) and 0.24 (95% ci: 0.10, 0.54), respectively. Bioinformatics analysis demonstrated that mir-1 may be involved in the progression of luSc via the 'cell cycle', 'p53 signaling pathway', 'Fanconi anemia pathway', 'homologous recombination', 'glycine, serine and threonine metabolism' and 'oocyte meiosis'. in summary, miR-1 was significantly downregulated in LUSC, suggesting a novel and promising non-invasive biomarker for diagnosing luSc, and mir-1 was involved in luSc progression via a number of significant pathways.
Introduction
non-small cell lung cancer (nSclc) accounts for 85-90% lung cancer, and the most common subtypes are lung squamous cell carcinoma (luSc) and lung adenocarcinoma (luad) (1) (2) (3) (4) . luSc typically occurs in men and is associated with smoking, accounting for ~25-30% total lung cancer cases (5-7). Therapies for luad are frequently ineffective for luSc, reflecting differences between LUAD and LUSC; therefore, distinguishing luSc from other types of lung cancer and investigating the molecular mechanism of luSc are crucial.
Micrornas (mirnas) are a class of small non-coding rnas with lengths of 19-25 nucleotides (8) (9) (10) (11) (12) (13) . as post-transcriptional regulators of gene expression, these molecules are involved in the regulation of a number of biological processes, including differentiation, proliferation, migration and apoptosis (14) (15) (16) (17) (18) (19) (20) . mirnas may be used as diagnostic biomarkers and treatment targets for human cancer (21) (22) (23) (24) (25) . The mir-1 family is comprised of mir-1-1, mir-1-2 and mir-206. in the family, mir-1-1 and mir-1-2 locate on chromosomes 20 and 18, respectively (26, 27) . The upregulation of mir-1 inhibits proliferation, promotes apoptosis and reverses the drug resistance of various types of cancer in vivo and in vitro, serving a role as a cancer suppressor gene (27) . Previous studies demonstrated that mir-1 is downregulated in approximately all human cancer types and mir-1 serves a crucial role in the progression of cancer. Han et al (28) demonstrated that mir-1 is downregulated in gastric cancer, and inhibits gastric cancer cell proliferation and migration by targeting MeT proto-oncogene, receptor tyrosine kinase. Wang et al (29) demonstrated that mir-1-3p, the mature mirna of mir-1, suppresses the proliferation and invasion of bladder cancer cells by inhibiting c-c motif chemokine ligand 2 expression. Wang et al (30) observed that microrna-1-3p is downregulated in oral squamous cell carcinoma (oScc) tissues and cells, and serves as a suppressor of oScc progression. There are a few previous studies that address the roles of mirna in lung cancer progression (31) (32) (33) . Meta-analyses have additionally been conducted to confirm the association between mirna expression and prognosis in nSclc (34) . nevertheless, no consistent conclusion has been reached and direct evidence of the association between mir-1 and luSc is limited. Therefore, the regulatory mechanism of mir-1 in luSc requires further investigation.
The present study conducted a meta-analysis to evaluate the clinical significance of miR-1 in LUSC. Potential target genes of mir-1 in luSc were obtained from the gene chip analysis of luSc cells transfected with mir-1-3p, combined with target gene prediction and differential gene expression in The cancer Genome atlas (TcGa). Subsequently, a signaling pathway analysis was conducted to determine the potential molecular mechanism of mir-1 in luSc.
Materials and methods

Collection of microarray datasets from Gene Expression
Omnibus (GEO) and ArrayExpress. To examine the level of mir-1 expression in luSc and adjacent non-cancer tissues, retrieval in Geo (http://www.ncbi.nlm.nih.gov/geo/) and arrayexpress (http://www.ebi.ac.uk/arrayexpress/) was performed using the following key words: ['lung' or 'pulmonary' or 'respiratory' or 'bronchioles' or 'bronchi' or 'alveoli' OR 'pneumocytes' OR 'air way' (MeSH)] AND ('cancer' or 'carcinoma' or 'tumor' or 'neoplas* or malignan* squamous cell carcinoma'). 'Series' and 'Homo sapiens' were filtered. Studies with sample sizes ≥3 and mir-1 expression measured in luSc and control groups were included. To identify promising mir-1 target genes, Geo and arrayexpress were searched again using the following terms: ['lung' or 'pulmonary' or 'respiratory' or 'bronchioles' or 'bronchi' or 'alveoli' or 'pneumocytes' or 'air way' (MeSH)] AND ('cancer' OR 'carcinoma' OR 'tumor' OR 'neoplas* or malignan* squamous cell carcinoma') and ('mir-1' or 'mirna-1' or 'microrna-1' or 'mir-1' or 'mirna-1' or 'microrna1' or 'mir-1' or 'mirna-1' or 'microrna-1' or 'mir-1-3p' or 'mirna-1-3p' or 'microrna-1-3p' or 'mir-1-1' or 'mir-1-2' or 'mir1-1' or 'mir1-2'). Gene chips intervened with mir-1 in luSc cell lines, knockdown or transfection, were included in the present analysis. datasets are presented in Table i .
Acquisition of TCGA miRNA data. The luSc mirna matrix was downloaded from TcGa (http://cancergenome.nih.gov/). data were normalized to a log 2 scale. The values of mir-1-1 and mir-1-2 were included in the present study. Samples missing values for mir-1-1 or mir-1-2 were removed from the analysis. The data from TcGa were additionally included in the continuous variable meta-analysis and diagnostic meta-analysis. with mir-1-3p in luSc using the following keywords: ['lung' or 'pulmonary' or 'respiratory' or 'bronchioles' or 'bronchi' OR 'alveoli' OR 'pneumocytes' OR 'air way' (MeSH)] and ('cancer' or 'carcinoma' or 'tumor' or 'neoplas* or malignan* squamous cell carcinoma') and ('mir-1' or 'mirna-1' or 'microrna-1' or 'mir-1' or 'mirna-1' or 'microrna-1' or 'mir-1' or 'mirna-1' or 'microrna-1' or 'mir-1-3p' or 'mirna-1-3p' or 'microrna-1-3p' or 'mir-1-1' or 'mir-1-2' or 'mir1-1' or 'mir1-2'). The cut-off point for the search was July 20, 2017, so no studies later than this date were included. Subsequently, the eligible literature was independently evaluated in the present study using the same multi-step process. eligible studies had to meet the following criteria: i) They detected mir-1 expression in human tissue or serum in luSc and control groups; ii) the study offered sufficient data to calculate the diagnostic accuracy; and iii) the study was published in chinese or english. The following exclusion criteria were used: i) duplicated studies, case reports, letters, reviews and conference articles; ii) studies with unavailable data; and iii) animal studies.
Data extraction. information was independently extracted, including the mean, standard deviation, sample size, true positive, false positive, true negative and false negative, from the included studies.
Statistical analysis. all data from the included microarray datasets were converted to a log 2 scale, and the mean, standard deviation and case numbers of luSc and control groups were calculated. Subsequently, Stata 14 (Statacorp llc, college Station, TX, uSa) was used to combine the standard mean difference (SMD) value and its 95% confidence interval (CI). The pooled sensitivity, specificity, positive likelihood ratio (Plr), negative likelihood ratio (nlr), diagnostic odds ratio (dor) and 95% ci values from the accuracy data of each study were calculated using MetadiSc 1.4 software (http://www.hrc.es/investigacion/metadisc_en.htm). The dor value ranged between 0 and ∞, with higher values suggesting improved discriminatory performance (35) (36) (37) (38) (39) . To assess the clinical significance of mir-1 in luSc, the summarized receiver operating characteristic (Sroc) curves were obtained using SPSS version 23 (iBM corp., armonk, nY, uSa). an area under the curve (auc) value near 1.0 indicates that the test has perfect discrimination, whereas, a value close to 0.5 implies poor discrimination. Potential heterogeneity among the included studies was estimated using cochran's Q test and the i 2 index, and heterogeneity significantly existed if P<0.05 or i 2 >50%. if there was no distinct heterogeneity in the analysis, a fixed-effect model was used; otherwise, a random-effects model was employed. Heterogeneity was explained using the threshold effect analysis and meta-regression analysis. a sensitivity analysis was conducted to identify sources of heterogeneity. Finally, a funnel plot was applied to assess the publication bias among the included studies. P<0.05 was considered to indicate a statistically significant difference.
Acquisition of potential target genes of miR-1 in LUSC.
The downregulated genes recorded in Genomic Spatial event (GSe)56243 were cross-referenced based on two cell lines. The mrna data were additionally downloaded at the entry of luSc in TcGa. deSeq data r package was applied to obtain the differentially expressed genes, log 2 fold change >2 was considered a criterion of the differentially expressed genes (40) . mirWalk version 2.0 (http://zmf.umm. uni-heidelberg.de/apps/zmf/mirwalk2/custom.html) was used to predict the target genes of mir-1 based on 12 different online mirna prediction tools: mirWalk; Microt4; miranda; mirBridge; mirdB; mirMap; mirnaMap; PicTar; PiTa; rna22; rnahybrid; and TargetScan (https://bioconductor. org/bioclite/). Subsequently, the downregulated genes in GSe56243, TcGa differentially expressed genes and predicted target genes of mir-1 were cross-referenced. The overlapping genes selected by VennY diagram (https://omictools.com/venny-tool) were considered promising target genes of mir-1 in luSc.
Bioinformatics based on the promising target genes of miR-1 in LUSC.
Gene ontology (Go) (41, 42) annotation, comprising three parts (biological process, cellular component and molecular function) and Kyoto encyclopedia of Genes and Genomes (KeGG) (43, 44) pathway analysis were performed in database for the annotation, Visualization and integrated discovery version 6.8 (https://david-d.ncifcrf. gov/) based on the promising target genes of mir-1 in luSc. The BinGo and enrichment Map plug-ins of cytoscape (version 3.6.1) were used to visualize the Go annotation and KeGG pathways (45) (46) (47) . Search Tool for the retrieval of interacting Genes/Proteins (http://www.string-db.org), an online tool, was used to construct the protein-protein interaction (PPi) network with the disconnected nodes hidden.
Results
Data selection. a search for literature, and Geo, arrayexpress and TcGa datasets was performed to investigate the level of mirna expression in luSc. a total of 684 potential studies were identified following preliminary literature searches and finally a study containing two studies was deemed eligible for the present analysis following abstract screening and examination of the full text (41) (Fig. 1 ). a total of eight Geo datasets (GSe14936, GSe16025, GSe19945, GSe25508, GSe40738, GSe47525, GSe51853 and GSe74190) were selected (48-55) (Fig. 2) , and two studies from TcGa were eligible for the present analysis. eventually 12 studies with 1,386 cases were included. The GSe40738 samples were derived from serum, while the remaining samples were derived from tissue.
miR-1 expression in LUSC. mir-1 was upregulated in the GSe47525 study and downregulated in other previous studies (Table i ; Fig. 3 ). a meta-analysis was performed to examine the level of mir-1 expression in luSc. a random effects model was implied due to the high heterogeneity (i 2 =90.5%), and the combined SMd was -1.44 (95% ci: -2.08, -0.81; Fig. 4a ), demonstrating that miR-1 was significantly downregulated in luSc. Publication bias was not observed in the present study (P>0.05; Fig. 4B ). Sensitivity analysis was additionally performed to detect the source of heterogeneity (Fig. 4c) , and the combined SMd was -1.32 (95% ci: -1.64, -1.01; i 2 =95.5%) when the GSe40738 studies and TcGa data were removed Table i . Forest plot of studies evaluating the SMd of microrna-1 expression between patients with lung squamous cell carcinoma and the control group (a random-effects model). ( Fig. 4D) . The consistent conclusions obtained confirmed that these results were statistically stable.
Clinical significance of miR-1 in LUSC. The roc curves of mir-1 in luSc for each study are presented in Fig. 5 . it is evident that there was significant heterogeneity in these datasets, with sensitivity ranging from 0.38-1 and specificity ranging from 0.2-1. To circumvent this heterogeneity, a random effects model was adopted in the combined analyses ( Fig. 6A-E) Fig. 6F , with an auc of 0.9096 (Q*=0.8416), suggesting a good accuracy of mir-1 to distinguish patients with luSc from control subjects.
Function analysis of miR-1-associated genes in LUSC. a total of 222 overlapping potential target genes of mir-1 in luSc were obtained. Subsequently, Go and KeGG analyses were performed to examine the mechanism of action of mirna in luSc. The Go biological process annotation demonstrated that the promising target genes were primarily enriched in 'dna replication', 'cell division', 'dna repair', 'G 1 /S transition of mitotic cell cycle' and 'sister chromatid cohesion' (Table ii; Fig. 7) . in cellular component, the promising target genes were closely associated with 'nucleoplasm', 'chromatin', Figure 3 . mir-1 expression in the luSc and control groups. (a) GSe14936, (B) GSe16025, (c) GSe19945, (d) GSe25508, (e) GSe40738, (F) GSe47525, (G) GSe51853, (H) GSe74190, (i) PMid18818206-1, (J) PMid18818206-2, (K) TcGa-1 and (l) TcGa-2. The GSe40738 samples were derived from serum, and the remaining samples were derived from tissue. mir, microrna; luSc, lung squamous cell carcinoma; GSe, Genomic Spatial event. GinS1, GinS2, GinS4
Go:0003688~dna replication origin binding Xrcc2, Gen1, rad51
Go:0005544~calcium-dependent phospholipid binding ccne2, e2F2, SerPinB5, HMGa2, cdc25c, etc.
A total of eight pathways were available, four of which were significant (P<0.01). KEGG, Kyoto Encyclopedia of Genes and Genomes.
'kinetochore', 'GinS complex' and 'chromosome, centromeric region' (Table II ; Fig. 8 ). For molecular function, five of the most enriched items were 'chromatin binding', 'aTP binding', '3'-5' dna helicase activity', 'dna replication origin binding' and 'microtubule motor activity' (Table ii; Fig. 9 ). in addition, the significant KeGG pathways included 'cell cycle', 'p53 signaling pathway', 'Fanconi anemia pathway', 'homologous recombination', 'glycine, serine and threonine metabolism' and 'oocyte meiosis' (Table iii; Fig. 10 ). These results suggested that mir-1 may serve an important role in luSc via multiple pathways. There were 222 nodes and 1,004 edges in the PPi network. in terms of the PPi network, in the current study, GINS complex subunit 4, DBF4 zinc finger, GINS complex subunit 1, phosphoserine aminotransferase 1, minichromosome maintenance complex component 2, minichromosome maintenance complex component 10, checkpoint kinase 1, GinS complex subunit 2, 3-phosphoglycerate dehydrogenase, cell division cycle 6 and cell division cycle 25c exhibited the highest degrees (Table iV ; Fig. 11 ).
Discussion
recently, numerous studies demonstrated that mir-1 is predominantly downregulated in multiple human tumors, including lung cancer, prostate cancer, breast cancer and sarcomas (28, 56) , and serves as a tumor suppressor gene involved in cancer progression. However, studies on the expression of mir-1 and its clinical significance in luSc are rare, and the underlying mechanism of mir-1 in luSc remains to be elucidated. The present study investigated mir-1 expression, clinical significance and the potential molecular mechanisms of mir-1 in luSc.
To the best of the authors' knowledge, the present study is the first meta-analysis to examine the expression of mir-1 and its clinical significance in luSc. The present meta-analysis involved 1,386 cases from 12 eligible studies. The combined SMd was -1.70 (95% ci: -1.857, 1.52) with high heterogeneity (i 2 =90.5%; P=0.001), demonstrating that miR-1 was significantly downregulated in LUSC. The AUC was 0.9096 (Q*=0.8416) with a sensitivity of 0.71 (95% ci: 0.66, 0.76, P<0.01) and a specificity of 0.88 (95% CI: 0.86, 0.90, P<0.01). The pooled PLR and NLR were 4.93 (95% CI: 2.54, 9.55) and 0.24 (95% ci: 0.10, 0.54), respectively. a Plr value of 4.00 suggested that patients with luSc possessed an ~4-fold higher probability of exhibiting downregulated mir-1 compared with control groups. an nlr value of 0.34 suggested that the probability of having luSc was 34% when mir-1 is abnormal. in addition, the pooled dor was 28.24 (95% ci: 10.56, 75.53). according to these results, mir-1 may better differentiate between luSc and patients without cancer. Sensitivity analysis demonstrated that high heterogeneity may reflect the GSE40738 studies and TCGA data. To obtain more convincing conclusions, additional studies using a higher quality, larger sample size and a consistent standard procedure are required.
accumulating evidence demonstrated that mir-1 serves an important role in the development of multiple tumors (57, 58) . Mataki et al (59) demonstrated that miR-1/133a was significantly downregulated in luSc tissues and enhanced cancer cell invasion and migration via the regulation of coronin1c. However, little is known of the potential molecular mechanisms of mir-1 in luSc. Therefore, 222 validated targeting genes of mir-1 were collected and a comprehensive target genes network analysis performed. Go analysis demonstrated that mir-1 may be involved in multiple biological processes, including 'dna replication', 'cell division', 'dna repair' and the 'G 1 /S transition . Go analysis of the biological process category. nodes represent Go terms and arrows represent interactions. orange nodes imply that the items are statistically significant (P<0.01). White nodes imply that the items only take part in connecting items but are not statistically significant. GO, Gene Ontology. Figure 8 . Gene ontology analysis of the cellular component category. nodes represent Go terms and arrows represent interactions. orange nodes imply that the items are statistically significant (P<0.05). White nodes imply that the items only take part in connecting items but are not statistically significant. GO, Gene ontology. Figure 9 . Gene ontology analysis of the molecular function category. nodes represent Go terms and arrows represent interactions. orange nodes imply that the items are statistically significant (P<0.05). White nodes imply that the items only take part in connecting items but are not statistically significant. GO, Gene ontology. of the mitotic cell cycle'. KEGG pathway analysis identified that mir-1 may serve a pivotal role in luSc via different pathways, including 'cell cycle', 'p53 signaling pathway', 'Fanconi anemia pathway', 'homologous recombination', 'glycine, serine and threonine metabolism' and 'oocyte meiosis'. The p53 gene, a key tumor suppressor located on chromosome 17p13, is the most frequently mutated gene in cancer and is involved in in a variety of biological processes to prevent tumorigenesis through the transcriptional regulation of downstream target genes (60) . a previous study demonstrated that p53 is associated with cell cycle arrest, apoptosis and drug resistance in lung cancer cells (61) . Zhang et al (62) demonstrated that Glua2 induces apoptosis in non-small cell lung cancer a549 cells through the p53 signaling pathway; the p53 signaling pathway was a significant pathway (Table iii; P=0.001) that ranked second in the biological process of luSc. The p53 pathway may serve an important role in radio sensitivity in non-small cell lung cancer H460 cells via the upregulation of phosphatase and tensin homolog expression level (63) . a number of previous studies (64) (65) (66) demonstrated that mirnas may be a key effector of p53 tumor-suppressor function; mediating the biological effects of p53 and inactivating this molecule may contribute to specific cancer types (67) , suggesting that mirnas may serve a vital role in the p53 gene signaling pathway. Therefore, it is hypothesized that mir-1 may be involved in the progression of luSc through the p53 signaling pathway.
There are a number of limitations to the present study. The study size included in this meta-analysis was relatively small. The prognostic value of mir-1 was not discussed in this analysis, reflecting that there are no studies regarding the association between mir-1 and prognosis and clinic pathological parameters in luSc. only studies reported in chinese and english were included in this meta-analysis, which may result in the omission of eligible studies due to language criteria. Furthermore, among the 12 studies included in the present study, only one was derived from serum, and the remaining 11 studies used samples derived from tissue. For a better understanding of the role of mir-1, large cohort and independent studies are required to examine the clinical significance of mirna and its potential mechanism in luSc.
in conclusion, the present study demonstrated that mir-1 is significantly downregulated in LUSC and may be involved in cancer progression via multiple, crucial pathways. Therefore, mir-1 may be used as a screening tool for luSc in the future. large-scale studies are required to further investigate the clinical significance of miR-1. 
